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[57] ABSTRACT

Copolymers are obtainable by (1) copolymerization of a
monomer mixture of

(A) from 1 to 99% by weight of at least one monomer
of the general formula I

CHy=—C(E)CH»—0O--CH,C(¥)—=CH> I

where E and F are selected from the group consisting of

—COOR!, —COR!, —CONRZ2R3 and —CN, and R1lis

H, C;-Cjg-alkyl, unsubstituted or substituted Csz-Cs-

cycloalkyl or C3-Cg-cycloalkyl- C1-Cs-alkyl, hydroxy-

C1-Cs-alkyl, amino-Ci-Cs-alkyl, N-C;-Cs-alkylamino-

C1-Cs-alkyl, N, N-di-C;-Cs-alkylamino-Ci-Cs-alkyl,

unsubstituted or substituted Cg-Cig-aryl or Cg-Cis-

aryl-C-Cs-alkyl, and

R? and R3 are each H, C;-Cjg-alkyl, unsubstituted or
substituted C3-Cg-cycloalkyl or Cj3-Cg-cycloalkyl-
C1~Cs-alkyl, unsubstituted or substituted Cg—Ci3-aryl
or Ce-Cig-aryl-C;-Cy-alkyl;

(B) from 99 to 1% by weight of at least one compound
selected from the group consisting of acrylic and
methacrylic acid and C;-Cyp-alkyl and Cs-Cqr-
cycloalkyl esters of acrylic and methacrylic acid

and

(C) from 0 to 989% by weight of at least one further

monomer capable of undergoing free radical poly-
merization

and

(2) reaction of these copolymers with a compound of
the formula II

R4NH, I

where R4 is hydrogen, C1-Csys-alkyl, Cs-Cg-cycloal-
kyl, Cg-Cjyp-aryl or Cg-Cig-aryl-C;-Cy4-alkyl and
these radicals, with the exception of hydrogen and

Ci—Ca2-alkyl, may be substituted, or a mixture
thereof,

and said copolymers are used for the production of
moldings, films and fibers.

2 Claims, No Drawings
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POLYMETHACRYLIMIDES HAVING HIGH
HEAT DISTORTION RESISTANCE

The present invention relates to copolymers obtain-
able by
(1) copolymerizing a monomer mixture of

(A) from 1 to 99% by weight of at least one monomer
of the general formula I

CH,=C(F)CH7—0—CH>C(F)—CHj> I

where E and F are selected from the group consisting
of —COOR!, —COR!, —CONR2R3and —CN, Rlis
H, C1-Cysg-alkyl, C3-Cg-cycloalkyl, C3—Cg-cycloal-
kyl-C1-Cs-alkyl, in which the cycloalkyl rings may
be monosubstituted to trisubstituted by C;-Cgy-alkyl
or Cy1-C4-alkoxy, or hydroxy-C;-Cs-alkyl, amino-
C1-Cs-alkyl, N-Ci-Cy4-alkylamino-C;-Cs-alkyl, N,N-
di-C;-C4-alkylamino-C1-Cs-alkyl, Ce—Cig-aryl,
Ce—Cig-aryl-Ci-Cy-alkyl, in which the aryl groups
may carry up to three of the following groups: halo-
gen, Ci1-Coz-alkyl, C;—-Cs-alkoxy, carboxyl, Ci~-C4-
alkoxycarbonyl, aminocarbonyl, C1-Cy-
alkylaminocarbonyl, di-C;-Cg4-alkylaminocarbonyl,
nitrilo, nitro, amino, Ci—Cs-alkylamino or di-C;-Cs-
alkylamino and R? and R3 are each H, C;-C;g-alky],
C3-Csg-cycloalkyl, C3-Cs-cycloalkyl-C;-Cs-alkyl, in
which the cycloalkyl rings may be monosubstituted
to trisubstituted by C1-Cgs-alkyl or C1-Cs-alkoxy, or
Ce—Cig-aryl or Cg-Cyg-aryl-Ci—-Cys-alkyl, in which
the aryl groups may carry up to three of the follow-
ing groups: halogen, Ci-Cjj-alkyl, C;-Cg4-alkoxy,
carboxyl, C;—-Cs-alkoxycarbonyl, aminocarbonyi,
C1-C4-alkylaminocarbonyl, di-C;-Cs-alkvlaminocar-
bonyl, nitrilo, nitro, amino, Ci;~Cs-alkylamino or
di-C;-C4-alkylamino,

(B) from 99 to 1% by weight of at least one compound
selected from the group consisting of acrylic and
methacrylic acid and C1-Cpp-alkyl and Cs-Cis-

cycloalkyl esters of acrylic and methacrylic acid

and

(C) from 0 to 98% by weight of at least one further
monomer which differs from A) and B) and is capable
of undergoing free radical polymerization

and

(2) reacting these copolymers with a compound of the
general formula II

R4NH; I
where R4 is hydrogen, C1-Cj3-alkyl, Cs-Cg-cycloal-
kyl, Ce-Ciparyl or Ce-Cig-aryl-C;-Cs-alkyl and
these radicals, with the exception of hydrogen and
C1-C22-alkyl, may be monosubstituted to trisubstitu-
ted by radicals selected from the group consisting of
C1-C4-alkyl, C1-Cy4-alkoxy and halogen, or a mixture
thereof.

The present invention furthermore relates to a pro-
cess for the preparation of these copolymers, to their
use for the production of moldings, films or fibers, and
to moldings, films or fibers consisting of these polymers.

A known method for improving the heat distortion
resistance of thermoplastic molding materials based on
polymethyl methacrylate (PMMA), which manifests
itself, for example, 1n an increase in the glass transition
temperature, comprises copolymerizing methyl methac-
rylate (MMA) with, for example, alpha-methylstyrene,
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maleic anhydride, methacrylamide substituted at the
nitrogen atom or oxadimethacrylate compounds.

For example, U.S. Pat. No. 4,889,948 describes co-
polymers of vinylic monomers, such as methyl methac-
rylate and oxadimethacrylates of the general formula I

CH»=—=C(CO0OZ)CH—0O—CH,C(COOZ)—CH> I

where Z 15 H, methyl, ethyl, n-butyl, isobutyl, tert-
butyl, neopentyl, benzyl, phenethyl, trimethylcy-
clohexyl and tetrahydrofurfuryl. The fact that the
highly crosslinked copolymer prepared by mass poly-
merization of 3.5% by weight of oxadimethyl methac-
rylate and 96.5% by weight of methyl methacrylate
cannot be melted and 1s insoluble, 1.e. cannot be utilized
industrially, is a disadvantage.

A turther possibility for increasing the glass transition
temperature of thermoplastic molding materials based
on PMMA 1s the polymer-analogous reaction of
PMMA with primary amines (imidation) with forma-
tion of glutarimide structures such as the following

fr )
0..--' N H.O

|

Q

The glass transition temperature of such imidated
PMMA molding materials is dependent both on the
amount of glutarimide units (degree of imidation) in the
polymer and on the substituent Q at the imide nitrogen
atom.

In the complete imidation of PMMA, very high glass
transition temperatures can be achieved for Q=hydro-
gen. However, the water absorption exhibits a disad-
vantageous increase and the flow of such molding mate-
rials 1s excessively reduced. Although these disadvan-
tages can be overcome by other radicals Q, such as
methyl or cyclohexyl, this is achieved at the expense of
the heat distortion resistance. High glass transition tem-
peratures can be achieved by means of aromatic radicals
Q, such as phenyl. However, an excessively low stabil-
ity t0 weathering and increased stress corrosion crack-
ing are disadvantages here.

U.S. Pat. No. 4,246,374 describes a process for react-
ing various copolymers, obtainable by copolymeriza-
tion of MMA with comonomers, such as styrene, alpha-
methylstyrene, (meth)acrylonitrile, maleic anhydride,
N-alkylmaleimide, ethylene and propylene, with amines
in an extruder (melting process). However, the imidated

copolymers thus prepared do not have sufficiently high
heat distortion resistances.

It is an object of the present invention to provide
transparent molding materials which can be processed
by a thermoplastic method and have high heat distor-
tion resistance and good stability to weathering.

We have found that this object is achieved by the
copolymers defined at the outset.

We have also found a process for the preparation of
these copolymers, their use for the production of mold-
ings, films and fibers, and moldings, films and fibers
produced therefrom.

According to the invention, from 1 to 99, preferably
from 35 to 50, % by weight of at least one monomer I are
used as component A). The monomer to be used prefer-
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ably has a purity of at least 98%, particularly preferably
at least 99%.

The following radicals are preferred substituents of
the monomers I which may be referred to as oxadime-
thacrylates: 5

R!is hydrogen;

C1—Cig-alkyl, including preferably C;-Ciz-alkyl,
such as methyl, ethyl, n-propyl], isopropyl, n-butyl, sec-
butyl, 1sobutyl, tert-butyl, n-pentyl, isopentyl, sec-pen-
tyl, tert-pentyl, neopentyl, n-hexyl, n-heptyl, n-octyl, 10
n-nonyl, n-decyl, n-undecyl, n-dodecyl or stearyl, par-
ticularly preferably C;-Cs-alkyl, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl or tert-
butyl;

C3-Cg-cycloalkyl, such as cyclopropyl, cyclopentyl, 15
cyclohexyl, cycloheptyl, cyclooctyl, 4-methvlcy-
clohexyl, 4-methoxycyclohexyl or 2,4,6-trimethylcy-
clohexyl:

C3-Cg-cycloalkyl-Cj-Cs-alkyl, such as cyclopropyl-
methyl, cyclopentylmethyl, cyclohexylmethyl, cyclo- 20
propylethyl, cyclopentylethyl, cyclohexylethyl, cyclo-
propylpropyl, cyclopentylpropyl, cyclohexylpropyl,
cyclopentylbutyl, cyclohexylbutyl, cyclopentylpentyl,
cyclohexylpentyl or cyclooctylpentyl;

hydroxy-Ci-Cs-alkyl, such as hydroxymethyl, 2- 25
hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 4-
hydroxybutyl, 5-hydroxypentyl or 2,2-dimethyl-3-
hydroxypropyl; amino-Ci-Cs-alkyl, such as amino-
methyl, 2-aminoethyl, 3-aminopropyl, 4-aminobutyl or
d-aminopentyl; 30

N-Ci-C4-alkylamino-Cj—-Cs-alkyl, such as N-
methylaminomethyl, 2-(N-methylamino)ethyl, 3-(N-
methylamino)propyl, 4-(N-methylamino)butyl, 5-(IN-
methylamino)pentyl, N-ethylaminomethyl, N-n-
propylaminomethyl or N-n-butylaminomethyl: 35

N,N-di-C;-C4-alkylamino-Ci~-Cs-aikyl, such as N,N-
dimethylaminomethyl, 2-(N,N-dimethylamino)ethyl,
3-(IN,N-dimethylamino)propyl, 4-(N,N-dime-
thylamino)butyl, 5-(N,N-dimethylamino)pentyl, N,N-
diethylaminomethyl, = N,N-di(n-propyl)aminomethyl, 40
N,N-di(isopropyl)aminomethyl, N,N-di(n-butyl-
)aminomethyl,» N-ethyl-N-methylaminomethyl or N-
methyl-N-propylaminomethyl;

Ces—-Cig-aryl, such as phenyl, naphthyl, anthracenyl,
phenantrenyl, azulenyl, biphenylenyl or triphenylenyl, 45
preferably phenyl, where the alkyl radicals may carry
up to three of the groups stated under R5;

Ce—Cig-aryl-C1-Cgy-alkyl, preferably phenyl-C;-Cas-
alkyl, such as benzyl, 2-phenylethyl, 3-phenylpropyl or
4-phenylbutyl, particularly preferably benzyl, 2- 50
phenylethyl or 3-phenylpropyl, where the aryl groups
may carry up to three of the groups stated under R5;

R? and R3 are each C;—Cjg-alkyl as stated for R,
including particularly preferably Ci-Cys-alkyl, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 55
isobutyl or tert-butyl;

C3~Cg-cycloalkyl, such as cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, 4-methylcy-
clohexyl or 2,4,6-trimethylcyclohexyl;

C¢—Cig-aryl as stated for R, preferably phenyl which 60
may carry up to three of the groups stated under R5;

Ce—Cigaryl-C1-Cs-alkyl as stated for R1, preferably
phenyl-Ci-Cs-alkyl, particularly preferably benzyl,
2-phenylethyl or 3-phenylpropyl, where the phenyl
group may carry up to three of the groups stated under 65
R>;

R> is halogen, such as fluorine, chlorine, bromine or
todine, C1-Cjz-alkyl, such as methyl, ethyl, n-propyl,

4

1sopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pen-
tyl, isopentyl, sec-pentyl, tert-pentyl, neopentyl, n-
hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl,
n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-
hexadecyl, n-heptadecyl, n-octadecyl, n-nonadecyl,
n-eicosyl, mn-heneicosyl or n-docosyl, preferably
C1-Cyz-alkyl, such as methyl, ethyl, n-propyl, isopro-
pyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl,
1sopentyl, sec-pentyl, tert-pentyl, neopentyl, n-hexvl,
n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-dode-
cyl or stearyl, particularly preferably C1-Cgs-alkyl, such
as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl or terti-butyl; C1-Cy-alkoxy, such as methoxy,
ethoxy, n-propoxy or n-butoxy, carboxyl, Ci—Cs-alkox-
ycarbonyl, such as methoxycarbonyl, ethoxycarbonyl,
n-propoxycarbonyl or n-butoxycarbonyl, aminocarbo-
nyl, C;-Cs-alkylaminocarbonyl, such as me-
thylaminocarbonyl, ethylaminocarbonyl, n-
propylaminocarbonyl or n-butylaminocarbonyl, di-
C1~Cgs-alkylaminocarbonyl, such as dimethylaminocar-
bonyl, diethylaminocarbonyl, di-n-propylaminocarbo-
nyl or di-n-butylaminocarbonyl, nitrilo, nitro, amino,
C1-Cs-alkylamino, such as methylamino, ethylamino,
n-propylamino or n-butylamino, or di-Ci;-Cs-
alkylamino, such as dimethylamino, diethylamino, di-n-
propylamino or di-n-butylamino.

Particularly preferred oxadimethacrylate compounds
I are those in which E and/or F are —COOR! and R!
1s C1~Cy-alkyl, Cs—Cg-cycloalkyl or Cg-aryl, such as
dimethyl 2,2’-[oxybis(methylene) Ibis-2-propenoate,
dicyclohexyl 2,2'-[oxybis(methylene) ]bis-2-propenoate,
cyclohexyl methyl 2,2-[oxybis(methylene) Jbis-2-
propenoate and diphenyl 2,2'-[oxybis(methylene)jbis-2-
propenoate.

Where E and F are not COOH, oxadimethacrylate
compounds I are obtainable both from acrylyl com-
pounds of the general formula III

H,C—=C(E)H I

and from alcohols of the general formula IV

H,C=C(E)CH->OH IV

by reaction with formaldehyde. Their preparation 1is
described in, for example, U.S. Pat. No. 4,889,948.
However, especially for obtaining particularly pure
compounds, it i1s more advantageous to employ one of
the following processes:

A) Reaction of an acrylyl compound of the general
formula 111

H,C—=C(E)H III

in the presence o f oxygen, at least one tertiary amine
and, preferably, at least one polymerization inhibitor
with tormaldehyde or a formaldehyde donor to give an
alcohol of the general formula IV

H,C—C(E)CH,0OH v

and subsequent further reaction of the alcohol 1V

b1) with isolation of said alcohol or

bs) without isolation of said alcohol while heating in
the presence of oxygen, at least one tertiary amine and
preferably at least one polymerization inhibitor to give
an oxadimethacrylate compound I, CH;=—C(E)C-
H,—0O—CH;C(E)—CH>, or
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B) reaction of the aicohol IV in the presence of oxy-
gen, at least one tertiary amine and, preferably, at least
one polymerization inhibitor while heating to give an
oxadimethacrylate compound I, CH>;==C(E)C-
H>,—O—CH>C(E)=CHjy, or :

C) reaction of a mixture of two different acrylyl com-
pounds of the general formulae II1 and IIla

H>C=C(E)H
ITI

H,C=C(F)H
111a

In the presence of oxygen, at least one tertiary amine
and, preferably, at least one polymerization inhibitor
with formaldehyde or a formaldehyde donor to give the
alcohols of the general formulae IV and IVa

H,C=C(E)CH,0H
8%

HC=C(EF)CH,OH
IVa

and subsequent further reaction, with or without fur-
ther isolation of the alcohols IV and IVa, with either

a) the reaction mixture containing these alcohols or

b) the 1solated alcohols while heating in the presence
of oxygen, at least one tertiary amine and, preferably, at
least one polymerization inhibitor to give an oxadime-
thacrylate compound I, CH;=—C(E)C-
Hy——O-—CH;C(F)—=CH3, or

D) reaction of an acrylyl compound II in the pres-
ence of oxygen, at least one tertiary amine and at least
one polymenzation inhibitor with formaldehyde or a
formaldehyde donor to give the alcohol IV, and subse-
quent further reaction of the isolated alcohol IV, or of
the reaction mixture containing the non-isolated alcohol
IV, with a further alcohol IVa differing from said alco-
hol, while heating in the presence of oxygen, at least
one tertiary amine and, perferably, at least one polymer-

1zation Inhibitor to give the oxadimethacrylate com-
pound I,

CH>=C(E)XCH>

O—CH»C(F—CH>, or

E) reaction’of a mixture of two different alcohols IV
and IVa in the presence of oxygen, at least one tertiary
amine and at least one polymerization inhibitor while
heating to give an oxadimethacrylate compound I
CH—C(E)CH—O—CH,C(F)—CH_,.

The acrylyl compounds III required for these pro-
cesses are either commercially available or obtained, for
example, by esterification, transesterification, amidation
or aminolysis by conventional methods (see H. Rauch-
Puntigamet al., Chemie, Physik und Technologie der
Kunststofte, Vol. 9, Springer Verlag, Berlin, 1967) from
the corresponding readily available acrylyl intermedi-
ates, such as acrylic acid and known derivatives thereof.

The corresponding alcohols IV are either known (cf.
EP-B 184 731) or are obtainable from the acrylyl com-
pounds III by one of the abovementioned processes.

The tormaldehyde can be used in gaseous or liquid
form, for example as an aqueous solution, such as forma-
lin, or 1n the form of an alcoholic solution, or in sohd
form, for example as paraformaldehyde, trioxane or
tetroxocane or as the hemiacetal.

Suitable tertiary a mines are open-chain aliphatic or
cyclic tertiary amines, such as trimethylamine, triethvi-
amine, tri-n-propylamine, triisopropylamine, tri-n-
butylamine, trusobutylamine, tri-n-pentylamine, me-
thyldusopropylamine, N,N-diethylisopropylamine,
N,N-dimethylethylamine, N,N-dimethylisopropyla-
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mine, tri-2-ethylhexylamine, N-methyldiethylamine,
N,N-dimethyl-n-propylamine, N,N-dimethyl-n-butyla-
mine, N,N-dimethylisobutylamine, N,N-dimethyl-2-
ethylhexylamine, N,N-duisopropyl-2-ethylhexylamine,
N,N-di-n-butyl-2-ethylhexylamine, N-methyl-di-2-
ethylhexylamine, N-n-butyl-2-ethylhexylamine, N-
1sobutyl-di-2-ethylhexylamine, quinuclidine and 1,4-
diazabicyclo[2.2.2]octane (DABCO ®)), perferably qui-
nuclidine and DABCO®), particularly preferably
DABCO ®).

The polymerization inhibitors used are as a rule the
conventional ones, such as hydroquinone, hydroqui-
none monomethyl ether, p-benzoguinone, phenol, 2,6-
dimethylphenol, 2,6-di-tert-butylphenol, methylene
blue, diphenylamine, Cu(ll) oleate, Fe(IIl) acetylac-
etonate or pyrocatechol, preferably hydroquinone
monomethyl ether or hydroquinone monoethyl ether.

The oxygen may be passed in pure form or in the
form of a mixture with unreactive gases, preferably air,
over or through the reaction mixture.

In the reaction of the acrylyl compound III or of the
mixture 111 and Iila to give an oxadimethacrylate com-
pound 1 via the alcohol compound 1V, in the first stage
the acrylyl compound III or the mixture III and Illa
and the formaldehyde are used in general in a molar
ratio of the acrylyl compound III or mixture II1 and
Il1a to the formaldehyde of from 1:1 to 8:1, preferably
from 1.0:1 to 2.5:1.

The tertiary amine 1s preferably used here in a molar
ratio of formaldehyde to amine of from 1:1 to 200:1,
preferably from 2:1 to 100:1, particularly preferably
from 4:1 to 50:1.

As a rule, the polymerization inhibitor i1s used in
amounts of from 10 to 1,000 mg per kg of acrylyl com-
pound III or mixture III and IIla.

The amount of oxygen is, as a rule, from 0.01 to 100,
preferably from 0.1 to 20, 1/h per kg of acrylyl com-
pound IIl or mixture III and IIla. If air 1s used as the
oxygen donor, the amount of gas 1s generally chosen to
be from 0.01 to 1,000, preferably from 1 to 250, 1/h per
kg of acrylyl compound III or mixture III and Iila.

Temperatures of from 10° to 100° C., preferably from
40° to 80° C., particularly preferably from 60° to 75° C,,
are generally employed. Furthermore, the reaction i1s
carried out as a rule under atmospheric pressure. How-
ever, 1t can also be effected at reduced or superatmos-
pheric pressure. Use of superatmospheric pressure is

advantageous in particular when the reaction 1s carried
out at above 80° C.

Furthermore, the reaction is carried out as a rule in
the absence of a solvent. However, the reaction can also
be carried out in the presence of a suitable solvent, such
as a Cs—Cg-alkane, preferably n-pentane, n-hexane, n-
heptane, n-octane or isooctane, a carboxylate, such as
acetylacetate, or an aromatic solvent, such as benzene,
toluene or xylenes, particularly preferably n-hexane,
isooctane or toluene, or a mixture thereof.

The reaction time depends in the main on the reaction
temperature. It 1s in general from 1 to 6 hours.

The alcohol IV formed in this reaction, or the mix-
ture IV and IVa can be isolated by the conventional
working-up methods, such as distillation or chromatog-
raphy.

In the second stage, starting from the alcohol IV or
from the mixture IV and I1Va, the type and amount of
the amine, of the polymerization inhibitor and of the
solvent are, as a rule, chosen to be stmilar to those in the
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first stage. The amount of oxygen is, as a rule, from 0.01
to 1,000, preferably from 0.1 to 50, 1/h per kg of alcohol
compound IV or mixture IV and IVa. If air is used as an
oxygen donor, the amount of gas is generally chosen to
be from 0.1 to 1,000, preferably from 1 to 500, 1/h per kg
of alcohol compound IV or mixture IV and IVa.

The conversion of the second stage (alcohol IV to
oxadimethacrylate compound 1) is carried out in gen-
eral at from 100° to 200° C., preferably from 100° to
150° C., and at, as a rule, from 70 to 300 kPa, but prefer-
ably under atmospheric pressure.

The water of reaction obtained during the reaction
can be removed from the reaction mixture as a rule by
distillation, preferably by rectification.

An entraining agent may advantageously be added to
the reaction mixture. For example, aliphatic, cycloali-
phatic and aromatic hydrocarbons, such as n-hexane,
n-heptane, isooctane, benzene, toluene, xylene or cyclo-
hexane, and carboxylates, such as ethyl acetate, or the
acrylyl compound II not isolated before the reaction are
suitable for this purpose. The boiling point of the en-
training agent is generally chosen to be from 80° to 200
" C

The reaction time is dependent on the usual parame-
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ters, such as temperature, pressure and the amounts of 25

the starting materials, and is as a rule from 4 to 12 hours.

If the reactions are carried out in a single stage start-
ing from the acrylyl compound III or mixture III and
IlIa, 1.e. without isolation of the alcohol IV or of the
mixture IV and IVa, the acrylyl compound III or the
mixture III and IIla still present in excess is advanta-
geously separated off, for example by distillation, before
the further reaction to give the oxadimethacrylate com-
pound 1. However, this may also be effected after the
reaction to give the oxadimethacrylate compound 1.

When one of the processes A), C) and D) is used, the
acrylyl compound III or IIla, which is generally pres-
ent in excess, is particularly preferably distilled off be-
fore beginning the isolation and purification by crystal-
hzation. It is also advantageous if the water of reaction
formed in the processes A) to E) is separated off, for
example by distillation, before the crystallization.

For purification, the oxadimethacrylate compounds I
can be precipitated from solutions which contain at
least one hydrocarbon compound which is liquid (at
room temperature). This hydrocarbon compound may
be present in these solutions from the beginning or may
only be added later.

As a rule, precipitation is effected directly in the
reaction mixtures which in general may contain, in
addition to the oxadimethacrylate compound, further
substances, such as starting materials, catalysts, stabiliz-
ers, etc.

The solubility-reducing hydrocarbon compound can
be added at the beginning of the preparation of the
solution. In an advantageous procedure, they are gener-
ally added to the solution with the oxadimethacrylate
compound only when it is desired to initiate the precipi-
tation or crystallization process.

The hydrocarbon compounds used are, as a rule,
those whose boiling points are from 20° to 200° C.,
preferably from 35° to 130° C., such as aliphatic, cyclo-
aliphatic or aromatic hydrocarbons or mixtures thereof.
Examples are n-pentane, n-hexane, n-heptane, n-octane,
n-nonane, n-decane and their branched isomers, cyclo-
pentane, cyclohexane, cycloheptane, cyclooctane and
C1-Cs-alkyl-substituted cycloaliphatics, such as methyl-
cyclopentane and methylcyclohexane, or aromatic hy-
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drocarbons, such as benzene, toluene and o-, m- and
p-xylene.

The hydrocarbon compound is used, as a rule, in a
weight ratio of hydrocarbon compound to oxadimetha-
crylate compound I of from 1:1 to 100:1, preferably
from 1:1 to 10:1, particularly preferably from 2:1 to 4:1.

The temperature at the beginning of the crystalliza-
tion 1s preferably chosen so that it is advantageously
from 5° to 15° C. below the boiling point of the hydro-
carbon compound, in order to obtain a very high con-
centration of oxadimethacrylate compound I in the
hydrocarbon compound. Of course, other temperatures
may also be employed, for example room temperature.
However, the reaction is generally carried out within
the range from 20° to 200° C., preferably from 40° to
130° C., and it may be necessary to use pressures greater
than atmospheric pressure. As a rule, from 70 to 250
kPa, preferably atmospheric pressure, is chosen.

If the hydrocarbon compound is not added until it is
required to initiate the crystallization, or if the hydro-
carbon compound is immiscible or only partly miscible
with the corresponding solvent, it may be advantageous
to mix the mixture thoroughly prior to crystallization
by conventional methods, such as shaking or stirring or
by means of hiquid-liquid extraction. This step can be
carried out in one or more stages, continuously or
batchwise. The temperature in this step is advanta-
geously chosen in the abovementioned range of from
20° to 200° C., preferably from 40° to 130° C.

In general, solutions which contain the oxadimetha-
crylate compounds in amounts of from 5 to 50, prefera-
bly from 10 to 30, % by weight are used for the recrys-
tallization. The hydrocarbon compounds stated further
above are generally used as solvents.

The subsequent crystallization of the oxadimethacry-
late compound I is carried out, as a rule, at from — 80°
to 30° C,, preferably from --30° to 20° C. The crystal-
lized product is then separated off in a conventional
manner, for example by filtration or centrifuging, and is
dried 1n a manner known per se.

Where two or more liquid phases are present, the
phase not enriched with the hydrocarbon compound
can be separated off after the crystallization process and
fed to a further working-up cycle, in order also to ob-
tain the remaining amounts of the oxadimethacrylate
compound l. This process can be repeated as often as
desired and may be carried out continuously or batch-
wise.

The crystallization process is repeated in general until
the desired purity has been achieved.

Oxadimethacrylate compounds I where E and/or F
are COOH are preferably prepared by hydrolyzing the
oxadimethacrylate I where E and F are each —CQOR],
or a mixture of different esters of this type, in basic
solution and then acidifying the resulting salt. The pre-
cipitated acid can then be separated off and, if required,
recrystallized in an acidic, aqueous medium.

The basic solution chosen is in general an aqueous
solution of an alkali metal alcoholate, such as sodium
methylate, potassium methylate, sodium ethylate or
potassium ethylate, preferably sodium methylate, an
alkali metal or alkaline earth metal hydroxide, such as
Iithium hydroxide, sodium hydroxide, potassium hy-
droxide, magnesium hydroxide, calcium hydroxide and
barium hydroxide, preferably sodium hydroxide or po-
tassium hydroxide, or ammonia.

Additives, such as solubilizers and polymerization
inhibitors, can be added to the reaction medium. The
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solubilizers which may be used are, for example, alco-
hols, preferably C;-Cg4-alcohols, such as methanol, eth-
anol, n-propanol, isopropanol, n-butanol, or tert-
butanol, particularly preferably methanol and ethanol.
The polymerization inhibitors used are preferably the
conventional water-soluble compounds, such as hydro-
quinone, hydroquinone monoethyl ether and Cu(Il)
salts.

To liberate the free acid, an acid, preferably a mineral
acid, such as sulfuric acid, hydrochloric acid, phos-
phoric acid or nitric acid, particularly preferably hydro-
chloric acid, 1s added to the reaction medium.

The molar ratio of base to ester is chosen in general in
the range from 1 to 5, preferably from 2 to 4. The base
1s used, as a rule, as an aqueous solution having a con-
centration of from 0.1 to 40, preferably from 1 to 20, %
by weight, based on water.

The amount of solubilizer is chosen in general in the
range from O to 30, preferably from O to 10, % by
weight, and the amount of polymerization inhibitor is
chosen, as a rule, in the range from 0 to 0.1, preferably
from 0O to 0.05, % by weight, based in each case on the
total amount of the reaction mixture.

The amount of the acid used for precipitation de-
pends on its strength and concentration. As a rule, it is
chosen so that the salt-containing medium, generally
the reaction mixture, i1s brought to a pH of from 0.5 to
2.0, preferably from 0.5 to 1.5.

According to observations to date, the choice of the
temperature 1s not critical. As a rule, the reaction 1s
carried out at from 10° to 100° C. under from 70 to 300
kPa. Hydrolysis may also be carried out at above 100°
C., but as a rule not higher than 200° C,, in a pressure
reactor. However, the reaction is preferably carried out
at atmospheric pressure at from 15° to 50° C.

The precipitated oxadimethacrylic acid can be iso-
lated by a conventional method, such as filtration, de-
canting or centrifuging, and, if desired, may be purified,
for example by washing it with cold water and then
drying it. According to observations to date, the ox-
adimethacrylic acid thus obtained has a purity of at least
99%. *

Particularly pure oxadimethacrylic acid, for example
containing less than 100 ppm of byproducts, can prefer-
ably be obtained by recrystallization. For this purpose,
the oxadimethacrylic acid is generally dissolved in
water at from 50° to 100° C., preferably from 60° to 100°
C., particularly preferably from 80° to 100° C., and is
then allowed to crystallize at from 5° to 30° C., prefera-
bly from 10° to 25° C. Polymerization inhibitors, such as
hydroquinone monomethyl ether, in amounts of from
10 to 20 ppm may be added to the solution. Further-
more, adsorbing substances, such as active carbon, kie-
selguhr and zeolites, may be added to the solution,
which may then be filtered while hot and thereafter
allowed to cool for crystallization.

The carboxyl groups of the oxadimethacrylic acid
can be further functionalized by conventional methods
to give ester, amide and ketone groups (cf. Houben-
Weyl, Methoden der organischen Chemie, Vol. VIII-
/111, Thieme, Berlin, 1952, page 503 et seq. and page
647 et seq.).

According to the invention, from 1 to 99, preferably
from 50 to 95, % by weight of at least one compound
selected from the group consisting of acrylic and meth-
acrylic acid ((meth)acrylic acid) and the C;—Cjg-alkyl
and Cs-Ciz-cycloalkyl esters of (meth)acrylic acid,
preferably the C;-Ciz-alkyl esters, in particular the
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C1-Cs-alkyl esters, such as methyl acrylate, ethyl acry-
late, propyl acrylate, n-butyl acrylate, tert-butyl acry-
late and 2-ethylhexyl acrylate, lauryl acrylate, methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
n-butyl methacrylate and tert-butyl methacrylate, in
particular methyl methacrylate, are used as component
B).

Furthermore, from O to 98, preterably from 1 to 50,
%0 by weight of further monomers which differ from A)
and B) and are capable of free radical copolymerization
may be added to the monomer mixture as component
(O).

Examples are: acrylonitrile and methacrylonitrile,
acrylamide and methacrylamide and their N-alkyl and
N,N-dialkyl derivatives having C;-Cyp-alkyl groups,
vinyl and vinylidene esters of aliphatic C,-Cg-carboxy-
lic acids, such as vinyl acetate, vinyl and vinylidene
halides, such as vinyl chloride and vinylidene chloride,
vinylaromatic monomers, such as styrene and alpha-
methylstyrene and its derivatives which are monosub-
stituted or polysubstituted in the nucleus, for example
2-, 3- and 4-methylstyrene, 2-, 3- and 4-ethylstyrene, 2-,
3- and 4-1sopropylstyrene, 4-tert-butylstyrene, 3,4-
dimethylstyrene, 2- and 4-chlorostyrene, 2- and 4-
bromostyrene, 3,4-dichlorostyrene, vinyltoluene and
alpha-chlorostyrene, particularly preferably styrene,
Ci1-Cio-alkyl maleares, fumarates and itaconates, malea-
mide, fumaramide and itaconamide and their N-alkyi
and N,N-dialkyl derivatives having C;-Cip-alky!l
groups and mixtures thereof.

Monofunctional C;~Cjs-alkyl mercaptans, such as
methyl mercaptan, sec-butyl mercaptan, n-dodecyl
mercaptan, i1sododecyl mercaptan and tert-dodecyl
mercaptan, and thicacetic acid and their C;-Cys-alkyl
esters may be used as chain transfer agents. They are
used, as a rule, in amounts of from 0 to 5, preferably 0.05
to 2, % by weight.

‘The chain transter agents may serve to limit the chain
length and, according to observations to date, help to
improve the thermal stability.

The novel copolymers are prepared in general in a
conventional manner, for example by mass or solution
polymerization.

In the preparation by mass polymerization, oil-solu-
ble initiators (free radical initiators, such as diacyl per-
oxides, peresters, such as tert-butyl perpivalate, perox-
ydicarbonates, hydroperoxides, dialkyl peroxides, such
as dilauryl peroxide, or azo compounds, such as azobis-
isobutyronitrile) may be used. The polymerization tem-
perature 18, as a rule, from 20° to 200° C., preferably
from 50° to 160° C.

The molecular weight can be regulated by suitable
chain transfer agents, such as the abovementioned mer-
captans, or by suitable temperature control. In general,
the molecular weights are chosen in the range from
50,000 to 180,000, preferably from 80,000 to 130,000,
g/mol (weight average molecular weight).

The copolymers may also be prepared by solution
poiymenization. Examples of suitable solvents are tolu-
ene, xylene, acetone and tetrahydrofuran. Otherwise,
the polymerization may be carried out under the condi-
tions described for the mass polymerization.

Further details in this context are given, for example,
in Houben-Weyl, Methoden der organischen Chemie,
Vol. 14/1.

In addition to ammonia, primary amines which are
selected from the group comsisting of C;-Cyz-alkyla-
mines, Cs—Cg-cycloalkylamines, Cg—Cip-arylamines and
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Ce—Cio-aryl-C-Cy-alkylamines, where the cycloalkyl,
aryl and aralkyl radicals of the amines may be monosub-
stituted to trisubstituted by radicals selected from the
group consisting of C;-Cs-alkyl, C;-Cs-alkoxy and
halogen, such as fluorine, chlorine and bromine, are
used as imidation reagents II, R4NH,.

Examples are methylamine, ethylamine, n-propyla-
mine, isopropylamine, n-butylamine, 1-methylpropyla-
mine, 2-methylpropylamine, 1,1-dimethylethylamine,
n-pentylamine, l-methylbutylamine, 2-methylbutyla-
mine, 3-methylbutylamine, 2-dimethylpropylamine,
1-ethylpropylamine, n-hexylamine, n-heptylamine, n-
octylamine, n-nonylamine, n-decylamine, n-undecyla-
mine, n-dodecylamine, stearylamine, cyclopentylamine,
cyclohexylamine, cycloheptylamine, cyclooctylamine,
aniline, 2- and 4-methylaniline, 2- and 4-methoxyaniline,
2- and 4-chloroaniline, 2- and 4-bromoaniline, benzyl-
amine, phenethylamine and phenylpropylamine, partic-
ularly preferably cyclohexylamine.

In a preferred embodiment, the alcohol formed by the
aminolysis of the ester groups is removed from the
reaction mixture. This can be particularly advanta-
geously achieved by continuously distilling off the alco-
hol. For this purpose, it is advantageous to use for the
imidation and amine which has a higher boiling point
than the alcohol to be removed from the reaction mix-
ture, so that no amine or only an insignificant amount of
amine is removed at the same time.

In principle, amines having the same or a lower boil-
ing point than the alcohol to be distilied off may also be
used if the amine simultaneously removed is separated
from the alcohol, for example by further distillation,
and 1s reintroduced into the reaction mixture. However,
the variant proposed here (boiling point of amine > boil-
ing point of alcohol) is preferred owing to the simpler
reaction procedure.

The reaction is carried out, as a rule, in such a way
that a mixture consisting of copolymer (1) and amine,
preferably in a solvent, is heated to the boil in the ab-
sence of oxygen, and the alcohol formed during the
reaction 1s removed continuously from the reaction
mixture by distillation.

The amine may be introduced right at the beginning
of the reaction or, for example, added continuously at
the rate at which it is consumed.

The weight ratio of amine used to acrylate polymer is
chosen in the range from 1:1 to 400:1, preferably from
1:1 to 200:1.

The solvent used may be in principle any aprotic
polar solvent, such as an N,N’'-disubstituted, cyclic or
acyclic carboxamide, such as dimethylformamide, die-
thylformamide, dimethylacetamide or diethylaceta-
mide, N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone,
an N,N,N’,N’-tetrasubstituted, cyclic or acyclic urea,
such as tetramethylurea, an N-substituted, cyclic or
acyclic (poly)amine, such as dicyclohexylmethylamine,
dimethylcyclohexylamine, N,N,N’,N'-tetramethyle-
thylenediamine or N,N,N’,N’-tetramethylhexame-
thylenediamine, a high-boiling ether, such as ethylene
glycol dimethyl ether or diethylene glycol dimethyl
ether, an alkylene carbonate, such as ethylene carbonate
or propylene carbonate, or another conventional
aprotic, polar solvent, such as hexamethylphosphoro-
triamide, a nitroalkane, such as nitromethane, dimethyl
sulfoxide, diphenyl sulfoxide or sulfolane, N-methylpyr-
rolidone being preferred.

The weight ratio of solvent used to polymer is, as a
rule, from 1:1 to 100:1, preferably from 1:1 to 10:1.
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The reaction temperature is chosen in general in the
range from 100° to 280° C., preferably from 120° to 220°
C.

The reaction pressure is generally not critical. The
reaction 1s carried out in general at from 80 to 250 kPa,
preterably under atmospheric pressure.

The choice of the pH is likewise not critical and,
owing to the amine used, is generally about 7.

The reaction time is, as a rule, from 1 to 20, preferably
from 1 to 10, hours.

Furthermore, catalysts in amounts of from 0.01 to
10% by weight, based on the polymer used, may be
added to the reaction mixture to accelerate the reaction.
Examples are tertiary amines, such as tricyclohexyla-
mine, substituted guanidines, such as 1,1,3,3-tetrame-
thylguanidine and 1,3-diphenylguanidine, tetrasub-
stituted alkylammonium compounds, such as trimethyl-
stearylammonium chloride, organic titanium com-
pounds, such as tetrapropoxytitanium and tetrabutox-
ytitanium, organic tin compounds, such as dibutyltin
oxide and dibutyltin didodecanoate, aromatic amines
and 1mides, such as quinoline, isoquinoline, 4-benzyl-
pyridine, 4-phenylpyridine, 2-hydroxypyridine, 1,3-,
1,4- and 2,3-benzodiazine and 2,2'-, 2,3'- and 2,4’-bipyri-
dyl, mmdes, such as N,N’-dicyclohexylcarbodiimide,
and antimony trioxide, tin dioxide, sodium amide, so-
dium alcoholates and potassium alcoholates, such as
sodium methylate and potassium methylate, ammonium
chloride and ammonium iodide.

The novel copolymers and moldings, films and fibers
produced therefrom may contain conventional addi-
tives and processing assistants. Their amount is, as a
rule, up to 5, preferably up to 2, % by weight, based on
the total weight of the copolymers.

Examples of conventional additives are stabilizers
and antioxidants, heat stabilizers and UV stabilizers,
lubricants and mold release agents, dyes, pigments,
plasticizers and antistatic agents.

Antioxidants and heat stabilizers which may be added
to the thermoplastic materials according to the inven-
tion are, for example, sterically hindered phenols, hy-
droquinones, phosphites and derivatives and substituted
members of this group and mixtures of these com-
pounds, preferably in concentrations of up to 1% by
weight, based on the weight of the mixture.

Examples of UV stabilizers are substituted resorci-
nols, salicylates, benzotriazoles and benzophenones,
which may be used in general in amounts of up to 1%
by weight.

Examples of lubricants and mold release agents
which may be added to the thermoplastic material as a
rule 1n an amount of up to 1% by weight are stearic
acid, stearyl alcohol, alkyl stearates and stearamides, as
well as esters of pentaerythritol with long-chain fatty
acids. Suitable dyes are organic dyes, for example an-
thraquinone red, organic pigments and lakes, such as
phthalocyanine blue, and inorganic pigments, such as
titanium dioxide and cadmium sulfide. Examples of
plasticizers are dioctyl phthalate, dibenzyl phthalate
and butyl benzyl phthalate.

Flameproofing agents may be used as further addi-
tives, as a rule in amounts of from 1 to 40% by weight.

Such flameproofing agents are, for example, organic
phosphorus compounds, such as the esters of phos-
phoric acid, of phosphorous acid and of phosphonic and
phosphinic acid as well as tertiary phosphines and phos-
phine oxides. An example is triphenylphosphine oxide.
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Compounds which contain phosphorus-nitrogen
bonds, such as phosphononitrile chloride, phosphoric
ester amides, phosphoroamides, phosphinamides,
trisazindinylphosphine oxide or tetrakis-(hydroxyme-
thyl)phosphonium chloride, are also suitable flame-
proofing agents.

The additives may be added in any stage of prepara-
tion; the stabihizers are advantageously introduced at an
early stage i order to provide protection at the begin-
ning. In agreement with this, the stabilizers are gener-
ally added as early as during the polymerization pro-
cess, provided they do not interfere with this.

The novel copolymers may be processed by conven-
tional methods, for example by injection molding, ex-
trusion or sintering, for the production of moldings,
films or fibers.

The novel copolymers can be used to produce mold-
ing materials which can be processed by a thermoplastic
method and have high heat distortion resistance.

EXAMPLES

Example 1

Preparation of dimethyl
2,2'-[oxybis(methylene)]bis-2-propenoate
(0xadimethylmethacrylate)

A mixture of 600 g of methyl acrylate, 105 g of para-
formaldehyde, 39 g of DABCO® (1,4-diazabicy-

10

15

20

25

14

neously through the mixture. Excess cyclohexyl acry-
late was then distilled off with further heating until the
temperature of the reaction mixture at the bottom was
135° C. The water of reaction formed in the reaction
was then distiiled off in the course of 18 hours at 135°
C., 1sooctane serving as an azeotropic entraining agent.
Thereafter, preparative column chromatography of the
distillation residue over silica gel using 20:80 ethyl
acetate/hexane as eluant gave 304 g of dicyclohexyl
2,2"-loxybis(methylene)}]bis-2-propenoate (purity:99.69%
).

Preparation of the Starting Copolymers (1)
Example 3

A mixture of 60 g of the oxadimethylmethacrylate
from Example 1, 140 g of methyl methacrylate, 0.2 g of
dilauryl peroxide, 0.4 g of tert-butyl perpivalate and 800
g of tetrahydrofuran was heated at 65° C. for 24 hours
in a nitrogen atmosphere. 5 1 of methanol were then
added to the reaction mixture. The precipitated poly-
mer was filtered off and was dried at 50° C. 190 g of the
copolymer were obtained.

Examples 4 to 8

In the Examples below, the procedure was as in Ex-
ample 3, except that the monomer compositions were
varied as stated in Table 1 below.

TABLE 1

Preparation of the starting copolymers according to Examples 3 to &

Oxadimethacrylate Methyl methacrylate Styrene  Intrinsic Yield
Example compound [g] (2] [e] viscosity!) (2]
3 60 ODMMAZ2) 140 — 30 190
4 60 ODCHMAS) 140 — 33 178
5 100 ODMMAZ2) 100 — 61 151
6 100 ODCHMA?) 100 — 65 173
7 60 ODMMA ) 120 20 77 178
8 60 ODCHMAS) 120 20 71 148

YYMeasured as a 0.5% strength solution in chloroform at 25° C.
2JODMMA = Oxadimethylmethacrylate
JODCHMA = Oxadicyclohexylmethacrylate

clo[2.2.2]-octane) and 120 mg of hydroquinone mono-
methyl ether was heated for 1.75 hours at 75° C., 10 1/h
of air simultaneously being passed through the mixture.
Excess methyl acrylate was then distilled off with fur-
ther heating until the temperature of the reaction mix-
ture at the bottom was 135° C. The water of reaction
formed in the reaction was then distilled off in the
course 0f 4 hours at 135° C. Thereafter, the reaction
mixture was cooled to 60° C., 975 g of n-hexane were
added and stirnng was carried out for one hour at 60° C.
The lower phase was then separated off and the upper
phase was cooled to 0° C. while stirring. Part of the
dimethyl ester was precipitated in the form of fine,
white crystals. Filtening off, washing with 200 ml of
n-hexane at 0° C. and drying at 25° C./10 kPa gave 244
g of the dimethyl ester in a purity of 959%. Further

crystallization led to a dimethyl ester having a purity of
99.5%.

Example 2

Preparation of dicyclohexyl
2,2'-[oxybis(methylene)}bis-2-propenoate
(oxadicyclohexylmethacrylate)

A mixture of 739 g of cyclohexyl acrylate, 72 g of
paratformaldehyde, 26.9 g of DABCO ®) and 413 mg of
hydroquinone monomethyl ether was heated for 6
hours at 757 C., 10 I/h of air being passed simulta-

43

50

33

63

Imidation of the copolymers
Example 9

A mixture of 10 g of the copolymer from Example 3,
10 g of cyclohexylamine and 80 g of N-methylpyrroli-
done was heated to the boil under nitrogen in a reaction
vessel having a packed column. After about 1 hour, it
was possible to remove methanol from the top of the
column, the procedure over the next 6 hours being such
that the temperature at the top of the column was not
higher than 70° C. Thereafter, the excess amine was
distilled off and the imidated copolymer was precipi-
tated in methanol and then dried.

‘The characterization of the product is shown in Table
2.

Examples 10 to 14

10 g of a copolymer (from Examples 4 to 8) were
reacted with 10 g of cyclohexylamine similarly to Ex-

ample 9, and the product was worked up as stated
above.

COMPARATIVE EXAMPLE (similar to U.S. Pat.
No. 4,246,374)

10 kg/h of PMMA (from 99% by weight of MMA
and 1% by weight of MA and having an average molec-
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ular weight (M,) of 115,000 g/mol) were reacted con-
tinuously with 5 kg/h of cyclohexylamine at 270° C. in

a twin-screw extruder (ZSK-40) having intermeshing
screws rotating in the same direction. The reaction time
was 0.1 hour. After the reaction zone, the polymer melt 5
was devolatilized m the same extruder and was granu-
lated.

The characterization of the products is shown in
Table 2.

The glass transition temperature T, of the polymers 10
was determined by the DSC method (ASTM D
3418-82) on a DSC-30 apparatus from Mettler.

TABLE 2

Characterization of the products from Examples 9 to 14
__and from the Comparative Example

15

Polymer (Amount of T;
Example  monomers in % by weight) N content) [°C.]
9 MMAZ2) (70)/ODMMA?3) 5.1 235
(30)
10 MMAZ?) (70)/ 5.0 212 20
ODCHMA#? (30)
11 MMAZ2 (50)/ 4.3 221
ODMMA3) (50)
12 MMA?) (50)/ 4.5 203
ODCHMA® (50)
13 MMA2) (60)/ 4.8 231 95
ODMMA) (30)/
Styrene (10)
14 MMAZ2) (60)/ 4.7 205
ODCHMA® (30)/
Styrene (10)
Comp-  MMAZ) (99)/ 3.0 165 30
arsion Methyl acrylate (1)
UN content from elemental analysis
JMMA = Methyl methacrylate
YODMMA = Oxadimethyl methacrylate
YODCHMA = Oxadicyclohexyl methacrylate
. 35
We claim:
1. A copolymer which is processable by a thermo-
plastic method and which is obtained by
(1) copolymerizing a monomer mixture of
(A) from 1 to 99% by weight of at least one mono- 40
mer of the formula I
CH,—C(E)CHy—O—CH4C(F)—CH> I

where E and F are selected from the group consisting of
—COOR!; —COR!, —CONR2R3 and —CN, Rlis H, +
C1-Cis-alkyl, C3-Cg-cycloalkyl, C3-Cg-cycloalkyl-
C1-Cs-alkyl, in which the cycloalkyl rings may be mon-
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osubstituted to trisubstituted by C;-Cs-alkyl or Ci-Cs-
alkoxy, or hydroxy-C;-Cs-alkyl, amino-C;-Cs-alkyl,
N-C1-Cs-alkylamino-C1-Cs-alkyl, N,N-di-C-Ca-
alkylamino-Ci-Cs-alkyl, Cs-Cjg-aryl, Cs5-Cjg-aryl-
Ci1-Cy-alkyl, in which the aryl groups may carry up to
three of the following groups: halogen, Ci~Cjz-alkyl,
C1-Cs-alkoxy, carboxyl, C;-Cs-alkoxycarbonyl, amino-
carbonyl, Ci1-Cy4-alkylaminocarbonyl, di-C1-C4-
alkylaminocarbonyl, nitrilo, nitro, amino, Ci-Cs-
alkylamino or di-C1—Cs-alkylamino and R? and R3 are
each H, Ci-Cig-alkyl, C3-Cg-cycloalkyl, C3-Cg-
cycloalkyl-Ci—Cs-alkyl, in which the cycloalkyl rings
may be monosubstituted to trisubstituted by Ci-C;s-
alkyl or C;-Cy4-alkoxy, or C5-Cjg-aryl or Cg-Cjg-aryl-
C1-Cg4-alkyl, in which the aryl groups may carry up to
three of the following groups: halogen, C1—Cjy;-alkyl,
C1-Cs-alkoxy, carboxyl, C,-Cgs-alkoxycarbonyl, amino-
carbonyl, C1-C4-alkylaminocarbonyl, di1-C1-Cs-
alkylaminocarbonyl, nitrilo, nitro, amino, C3-Ca-
alkylamino or di-C;-Cgs-alkylamino,

(B) from 99 to 1% by weight of at least one com-
pound selected from the group consisting of
acryhic and methacrylic acid and C;~-Cpp-alkyl
and Cs-Ciz-cycloalkyl esters of acrylic and
methacrylic acid

and
(C) from O to 98% by weight of at least one further
monomer which differs from A) and B) and 1s
capable of undergoing free radical polymeriza-
tion
and

(2) reacting these copolymers with a compound of
the formula II

R4NH; IT
where R%is hydrogen, C1-Cy;-alkyl, Cs5-Cg-cycloalkyl,
Cs5-Cio-aryl or Cs5-Cjp-aryl-C;—Cs-alkyl and these radi-
cals, with the exception of hydrogen and C;—-C»y3-alkyl,
may be monosubstituted to trisubstituted by radicals
selected from the group comsisting of Ci-Cs-alkyl,
C1-Cs-alkoxy, halogen, and a mixture thereof.

2. A copolymer as defined in claim 1, wherein mono-
mer A 1s oxadimethyl methacrylate and monomer B is

methylmethacrylate.
- > * S *
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